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SMEFT studies

® The Goal: combine inputs from the different EF to obtain a global SMEFT fit which
can be used to learn from BSM scenarios
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Incorporating the sector of Top operators
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SMEFT studies: ESU Inputs

® Inputs included in the fits. (Used as provided in the ESU input documents.)

Higgs
Rates (signal strength)

—_ c-BR
M = oSM.BRSM

(Inclusive) cross section
ozg =o(ete” — ZH)
Only possible at

L lepton colliders y
aTGC
6glz7 5"'"77 )\z
[ EWPO A

MZa FZa FZ—>f7 A{J‘B,LR? s

MW) FW? FW—)f

Z physics via Z-pole:
VsS=My: etes - Z — X
or Rad. Return:
Vs> Mgz: ete” - ~vZ —~vX
o Y,
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Higgs aTGC
Yes (U, OzH)
Complete with HL-LHg)  Yes (@TGC dom.)
Yes (Y, ozH) Yes (HE limit)

(Complete with HL-LHC)

Yes (U, OzH)

(Complete with HL-LHC) Yes (@TGC dom)

Yes (. ozt Yes (Full EFT

parameterization)

EWPO Top EW
Yes Yes (365 GeV, Zit)
Yes

(Rad. Return, Giga-2) Yes (500 GeV, Ztt)

Yes No

Yes

(Rad. Return, Giga-2) e

Extrapolated from N/A — LEP?

LEP/SLD

HL-LHC + HL-LHC (Mw, sin26y)
Yes (u, BR/BRj)
Used in combination From FCC-ee From FCC-ee -
with FCCee/eh
LEP/SLD

ves (1) N/A = LEP2 | HL-LHC (Mw, sin?8.) ]
Yes (u) From FCC-ee

Used in combination From FCC-ee w2, 2l -

with FCCee/hh
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SMEFT studies: ESU Inputs

® Inputs included in the fits. (Used as provided in the ESU input documents.)
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Rates (signal strength)
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Only possible at
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Z physics via Z-pole:
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Higgs
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Yes (Full EFT Yes
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HL-LEe e
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LEP/SLD

Yes () + HL-LHC (Mw, sin26y)

N/A = LEP2
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Operators in the Top quark sector

Warsaw basis

Operator Notation Operator Notation Operator Notation Operator Notation
Eabc WEVWEPW SR Oy Eabc WEVWEPW R Oy (Levule) (Lpyir) Oy
fapcGAYGBPGSH  Og fapcGAYGBPGSH O (@rYuqr) (Gry*qr) O%}} (@LYu0aqr) (GrY oaq1) O%?;)
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((:b ¢) [ ((b (:b) O¢D ((b D“(b) ((D“(b) (:b) od)D (ﬁR'yuuR) ('ITI,R’Y“’U,R) Ouu (dR’Yde) (dR’YNdR) Odd
_ - 1 _ ] 8
(o) (ILdper) Oy (@rYuur) (drY"dR) (')1(“1) (@rv Taur) (C_iR’Y“ Tadg) Oici)
. € e urY*u O, € e dr~y*d O,
(610) (Grpdr)  Ous (60) (Grdun)  Ous (erruen) (Gny"un) (Cruen) (dr"dr) ‘
= livule) (ErY"er) Ote (qrv.qr) (erY"er) Oge
T v t v B (_ K _ 1L Tp et q
e o S e O (lryule) (Gry*ur) O (lzyulz) (dry"dr) Ota
¢T WL W Ogw ¢T W W O (qrvnqr) (rY*ur) O%B (@LYuTaqr) (WpY*Taur) O%i)
a j1% a J11% - _ - _ -
Crdlie o SN g _@na) (s O @Taa) (G Tads) O
v G v e — —
— - i — a e (ILer) (drqr) Oledq
(lro*”er) $Buy  Ocn (luoer) o*dWyi,  Ow _ . T 1) _ - T ®)
(qLO'“V’U,R) ¢Buu O.uB (q_LO'“U’U,R) a“qu;jV Ouw (q_LUR) 102 (qLdR) Oq'zqud (_QLTAUR) 102 (qLTAdR) Ongd
dLo"dr) B,  Oup qLo"dp) c*dWe,  Ouw (TLer) ios (qrur)® O, (lLower) ios (Guour)”  Of,
H j1 % q q

(quo"*Taug) ¢Gs, Oug

(qro**Tadr) ¢G4, Ouq

(¢'iD,¢) (yly) OP
(¢'iD,u¢) (Ervien) Ope
(¢1iD, @) (ary*qr) O
(¢1iD, @) (Grv ur) Op,
(¢'iD, ) (ry"dr) Opud

<> _
(¢7iD2¢) (Ipv oalL) O

(61iD26) (@17 0aqr) OF
(¢TiD,®) (dry*dr) Ogpd
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Operators in the Top quark sector

Warsaw basis

Operator Notation Operator Notation Operator Notation Operator Notation
(@uar) (@r"ar) - O (@noutn) (@' ouas) O
(leyule) (@Ly*qr) o, (leyuoal) (@ry"0aqr) oY
(@rYuur) (rRY*uR)  Ouu | ) d: |
((’ITLR'YH’U,R)) ((dR’)/NdR; Oz(l,tl) (ﬁR'YpTAuR) (dRFYNTAdR) Oq(tsd)
[t e Yn€ Uu 7““’ Oeu
(¢'¢) (ardur)  Oug pem ' - '
(_ ) ( ) ((jL7qu) (éR'Y“eR) Oqe
lL’Yy,lL 'ITLR’}’NUR Olu
(@rv.qr) (trY urR) O%B (qrvuTaqr) (rY*Taur) O%Z)
(@rvuar) (dry"dg) o' (@rYuTaqr) (dry*Tadr) oY)
q q
— — — — (l_LeR) (JRqL) Oledq
- - _ . _ 1 _ . _ 8
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(qro**Taur) ¢G;, Ouc
= = Dim 6 Top operators interfering with SM at LO

in 2—2, 2—-3 Top production (#7, 1t+X)

($1iD,¢) (G q) O (#1iD2¢) (qrv ouqr) O
(¢'iD,) (GrY*ur) Ogu
(¢'iD, ) (urY*dr) Opud
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Operators in the Top quark sector

Warsaw basis

Operator Notation Operator Notation Operator Notation Operator Notation
(@ vuar) (qryar) O%},’ (GLYuoaqr) (T 0aqr) 0%3)
(Ieyule) (@ qr) o, (levuoalr) (@Y oaqr) oY
(@rYuur) (rRY*uR)  Ouu | ) d: |
(@rYuur) (drY"dR) (')Q(le) (@rY.Taur) (dry*Tadg) Oq(iz)
ttH C (6'6) (G1dur)  Oug 2 (eruer) (Bry'ur) O | ) ( |
_ v (QL’Yqu) (éR’Y“eR) oqe
(Ievulr) (GrY*uR) O
(@rv.qr) (trY urR) O%L) (GrYuTaqr) (rY*Taur) O%Z)
(@rv.qr) (dry"dr) o (@r7uTaqr) (drv"Tadr) O
— — — — (l_LeR) (JRQL) Oledq
(QLO'”V'U’R) &BHV Ous (QLO'MUUR) Gad;WSV Ouw (q:LUR) iy (q_LdR)T O‘gi)qd (_q_LTAUR) to2 (GLTAdR)T Oéli)qd
’ l») OB ), ’ 1) c®dOW© ), (lLeR) 105 (qL’U,R)T Ol(:g)lu (lLo-uueR) 105 (q_LO'”’V'U,R)T Ol(fq)m
(qro**Taur) ¢G;, Ouc ] ] ] ]
= = Dim 6 Top operators interfering with SM at LO
in 2—2, 2—3 Top production (#, tt+X)
=
(¢'iDy@) (a17"qr)  Ogy (¢'iD7 ) (7"0aqr) O ) Zit But Top processes, e.g. ft, or ttH
(¢7iD,9) (ry*ur) Ogu receive contributions from the other

1D,®) (urY*dr) Ogud

operators in this list:
4 Fermion operators or Dipoles

Due to limited input, only these operators _
covered in ESU studies = Non-Global analysis
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Operators in the Top quark sector

Warsaw basis

Operator Notation Operator Notation Operator Notation Operator Notation

(¢T ¢) (CYLQBUR) Ous

(o™ ug) CEBW OuB (o™ ug) Uaﬁgw,‘f,, Ouw

(qro**Taur) ¢G;, Ouc

= = 4-Fermion Top operators interfering with SM at
in 2—2, 2—3 Top production (77, ft+X)
(#1iD,o) (@ qr) O ($1iD26) (G oaqr) O Hadron colliders

(¢1iD,9) (@ry*ur) Opu
(¢'iD, ) (urY*dr) Opud
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Operators in the Top quark sector

Warsaw basis

Operator Notation Operator Notation Operator Notation Operator Notation

(@rvuac) (GLy*qr) (S (GLYu0aqr) (qrY"oaqr) oL

Ly lr) (@ry*ar) livuoals) (Gry"oaqr)
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@
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— — — — lrer) (drar Oledq
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’ l») OB @, l L AW © @, LER) 102 (qrupr
(qro**Taur) ¢G;, Ouc

= = 4-Fermion Top operators interfering with SM at
in 2—2, 23 Top production (#t, tt+X)
($1iD,¢) (G q) O (#1iD2¢) (qrv ouqr) O Hadron colliders
(¢TiD,o) (arY*ur) Opu Lepton colliders
(¢7iDu¢) (@ry"dr)  Ogua Lepton colliders, via polarization

(non-interfering)
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Operators in the Top quark sector

Warsaw basis

Operator Notation Operator Notation Operator Notation Operator Notation

(@rvuac) (GLy*qr) (S (GLYu0aqr) (qrY"oaqr) oL

leyule) (@ry*aqr) Oy, lLvu0dlL) (L' oaqr)

(¢T ¢) (CYLQBUR) Ous

(o™ ug) CEBW OuB (o™ ug) Uaﬁgw,‘f,, Ouw

(qro**Taur) ¢G;, Ouc
= = 4-Fermion Top operators interfering with SM at

in 2—2, 2—-3 Top production (#7, 1t+X)

($1iD,¢) (G q) O (#1iD2¢) (qrv ouqr) O Hadron colliders
(¢TiD,o) (arY*ur) Opu Lepton colliders
(¢7iDu¢) (@ry"dr)  Ogua Lepton colliders, via polarization

(non-interfering)

Top adds large number of operators
+ Flavor (separate Top from light quarks)

Jorge de Blas Snowmass 2021 - EF03 & EF04 WG meeting
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Global EW/H + Top fit: = Flavor assumptions?




Operators in the Top quark sector

Flavor assumptions: Separating Top effects

Gr = SU(3), X SU(3), X SU(3)q X SU(3); x SU(3). x U(1)®

MFV ansatz for the quark sector
SU38)y X SU(3)y X SU(B)g —> SU(2), X SU(2), X SU(2)4

Expansion of the quark bilinear coefficients

qiq; : a1l + aY,Y! + a3YdeT T Vokm =~ 1

ﬁiuj : b11 + 1721/'11,1/;r + ... Y, = dlag(O, 0, yt)
1;d,; : 1 Y, Y + ... ,

ii j c1l + co frl d T Y, =~ dlag(O, 0, yb)
’Ll,idj . dlYqu 4+ ...

qzug . e1}fu + e2YuYJYu + €3YdeTYu 4+ ...
Gid; : elYa+ eYyY]Yi+ fY. Y Y, + ...

arXiv:1802.07237v1 [hep-phl
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Operators in the Top quark sector

Flavor assumptions: Separating Top effects

Gr = SU(3), X SU(3), X SU(3)q X SU(3); x SU(3). x U(1)®

MFV ansatz for the quark sector
SU38)y X SU(3)y X SU(B)g —> SU(2), X SU(2), X SU(2)4

Expansion of the quark bilinear coefficients

q:q; : a1l + aY, Y + a3YdeT + ... Vekm =~ 1
’ITLZUJ : bl]_ —l— szuYJ —|— oo Yu ~ dlag(O, O, yt)
d_zdg . Cl]_ -+ CngYdT 4+ ...

Y,y =~ diag(0,0, yp)
’L_l,idj . dlYquT —I— oo ( S

qzug . e1}fu + e2YuYJYu + €3YdeTYu 4+ ...
Gid; : elYa+ eYyY]Yi+ fY. Y Y, + ...

arXiv:1802.07237v1 [hep-ph
. [hep-ph] y

Bilinears allowed Bilinears forbidden
Light quarks: @q;q;, U;u;, d;d; Light quarks RH CC: ud, du
Top/Bottom: Jsqs, tt, bb, tb, gst, gsb Light quarks-chirality flipping: qu, gqd

Simplifies # of operators entering
in Top processes, e.g. Four-fermion
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Operators in the Top quark sector

Flavor assumptions: Separating Top effects

Gr = SU(3), X SU(3), X SU(3)q X SU(3); x SU(3). x U(1)®

MFV ansatz for the quark sector
SU38)y X SU(3)y X SU(B)g —> SU(2), X SU(2), X SU(2)4

Expansion of the quark bilinear coefficients

q:q; : a1l + aY, Y + a3YdeT + ... Vekm =~ 1
ﬁzUJ : bl]_ —l— szuYJ —|— oo Yu ~ dlag(O, O, yt)
d_zdg . Cl]_ -+ CngYdT 4+ ...

Y,y =~ diag(0,0, yp)
’L_l,idj . dlYquT —I— oo ( S

qzug . e1}/-u + e2YuYJYu + ngdeTYu 4+ ...
Gid; : elYa+ eYyY]Yi+ fY. Y Y, + ...

arXiv:1802.07237v1 [hep-ph
. [hep-ph] y

Bilinears allowed Bilinears forbidden
Light quarks: @q;q;, U;u;, d;d; Light quarks RH CC: ud, du
Top/Bottom: Jsqs, tt, bb, tb, gst, gsb Light quarks-chirality flipping: @ qd

Simplifies # of operators entering
in Top processes, e.g. Four-fermion

Ou¢,22 forbidden
H — cc
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Operators in the Top quark sector

Flavor assumptions: Separating Top effects

Gr = SU(3), X SU(3), X SU(3)q X SU(3); x SU(3). x U(1)®

MFV ansatz for the quark sector
SU38)y X SU(3)y X SU(B)g —> SU(2), X SU(2), X SU(2)4

Expansion of the quark bilinear coefficients

q:q; : a1l + aY, Y + a3YdeT + ... Vekm =~ 1
ﬁzUJ : bl]_ —l— szuYJ —|— oo Yu ~ dlag(O, O, yt)
d_zdg . Cl]_ -+ CngYdT 4+ ...

Y,y =~ diag(0,0, yp)
’L_l,idj . dlYquT —I— oo ( S

qzug . e1}/-u + e2YuYJYu + ngdeTYu 4+ ...
Gid; : elYa+ eYyY]Yi+ fY. Y Y, + ...

arXiv:1802.07237v1 [hep-phl

\_
Bilinears allowed Bilinears forbidden
Light quarks: @q;q;, U;u;, d;d; Light quarks RH CC: ud, du
Top/Bottom: G3qs, tt, bb, tb, gst, gsb Light quarks-chirality flipping: qd

Simplifies # of operators entering

quﬁ,zz forbidden
in Top processes, e.g. Four-fermion

H — cc

Use
SU(2)gtuta ?
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Operators in the Top quark sector

Flavor assumptions: Separating Top effects

MFV ansatz for the quark sector

SU3)y X SU(3)y X SU(3)g —> SU(2)y x SU(2), x SU(2)q

Flavor diagonally in the lepton sector
SU(3); x SU(3)e — [U(1)11¢)?

Fermionic operators with impact in 77, 11+ X processes

a . ) ( . )
2 Fermions 4 Fermions

(¢'¢) (ardun) tH: 1 Hadron colliders Lepton colliders

(@rv.qr) (quy*qr) GI(I_L'yulL) (@cv*ar)

(levuoalr) (GLy* oaqr)
(ErYuer) (GrY"UR)

(ILvule) (BrY uR)

(qro*“ur) ‘ngW , (@rYu0aqr) (GLY"oaqr)
(qro*ug) c*dpW2, Dipoles: 3 (GrY,ur) (GrY" UR)

(@0 Taur) $Gy, (@ryuur) (dry*dr)

g _ (’L_LR’Y“TA,U’R) ,((_iR’YNTA\dR) qr ) (erY"er

G (@) @) EW/H + Q: (@17 (Gr7"ur) (Bn) (een)
(qb’rz'l(_);gb) (GLy o aqr) 2-T0p: 2 (@7, Taqr) (@ry"Taur) ee+tt: 4
(¢Ti2u¢) (’l_fR’Y”UR) BT . (qrvuqr) (dry*dr)
(¢1D,.) (drrdr) 2-light (Had. coll.): 4 (@ Taar) (dy* Tad)

GI(q’)TiBqu) (Lpy™ L) EW/H + e: 2 EZL;RLM;;GL(C;R)T dr)"
(¢"iDg¢) (Iv"oaulz)  (Lepton colliders) v _ A
(¢"iD,.¢) (ery*er) (Strong constr. from EWPO) 2 heavy-2 light: 14

X ) X (4 heavy (4t prod): 11) )

Jorge de Blas
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at Future Colliders
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Some recent Fut. Collider Studies of the Top sector

f

Global and optimal probes for the top-quark effective
field theory at future lepton colliders

~

Gauthier Durieux,® Martin Perell6,® Marcel Vos? and Cen Zhang®*

arXiv:1807.02121v1 [hep-ph]

_ W,
é )
Probing top-quark couplings indirectly at Higgs factories
Gauthier Durieux' Jiayin Gu (5% Ff)? Eleni Vryonidou® Cen Zhang (5K%)*

arX1v:1809.03520v1 [hep-ph]
_ ,
é )
The electro-weak couplings of the top and bottom
quarks — global fit and future prospects
Gauthier Durieux® Adrian Irles® Victor Miralles® Ana Pefiuelas® Martin Perell®
Roman P&schl® Marcel Vos®
arXiv:1907.10619v3 [hep-ph]
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Top-Quark Physics at the CLIC Electron-Positron Linear
Collider

CLICdp collaboration

arXiv:1807.02441v5 [hep-ex]

,
(" )
Probing the top quark flavor-changing couplings at CEPC”

Liaoshan Shi (il #f)*

arXiv:1906.04573v3 [hep-ph]

Cen Zhang (5K%)12

.
é )
Higgs, top and electro-weak precision
measurements at future ¢ ¢~ colliders; a
combined effective field theory analysis with
renormalization mixing

f

Sunghoon Jung,® Junghwan Lee,” Martin Perell,” Junping Tian,© Marcel Vos®

arXiv:2006.14631v1

\_ )
See M. Vos’s talk for more studies
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Some recent Fut. Collider Studies of the Top sector

é ) é )
Global and optimal probes for the top-quark effective _ ] _
i ] Top-Quark Physics at the CLIC Electron-Positron Linear
field theory at future lepton colliders .
Collider
Gauthier Durieux,® Martin Perell6,® Marcel Vos? and Cen Zhang®* ‘h
arXiv:1807.02121v1 [hep-ph] arXiv:1807.02441v5 [hep-ex]
CLICdp collaboration
_ W, W,
é N ( )

Probing top-quark cou(

Gauthier Durieux* Jiayin Gu

Studies explore sensitivity to Top interactions
In 2 possible ways:

' couplings at CEPC”
(352

1. Indirectly, via effects in non-Top observables

14573v3 [hep-ph]

_ W,
f 2. Direct Top production ~
The electro-weak couj _)sion
quarks — global fit and future prospects measurements at future e"e~ colliders; a
combined effective field theory analysis with
renormalization mixing
Gauthier Durieux® Adrian Irles® Victor Miralles® Ana Pefiuelas® Martin Perell®
Roman P&schl® Marcel Vos®
arXiv: 1907 10619V3 [hep—ph] Sunghoon Jung,® Junghwan Lee,” Martin Perell,” Junping Tian,© Marcel Vos®
arXiv:2006.14631v1
- W, - W,
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Indirect tests of Top interactions

® Indirect effects of Top interaction in observables via loop effects

H production and decay EW production
- ./ t t arXiv:1804.09766v2 [hep-ph]
. <EK R arXiv:1809.03520v1 [hep-ph]
Loop effects for EW Top ops

>-_O~< ;I:i (RGE effects known for all ops.)

® Does not require specific Top measurements: effects in precision EVV/Higgs
observables = Accessible at low-E circular/linear colliders

precision of top operator coefficients (global fit, AX2=1)

00 b

Il HL-LHC circular collider with unpolarized beams
[l CC 240GeV 240GeV (5/ab) + 350GeV (0.2/ab) + 365GeV (1.5/ab ILC 250 Stage
B CC 240GeV + HL-LHC solid shade: &k, set to 0 By B w/otop M w/top+LHC Run2 ® w/top + HL-LHC S2
Il CC 240/350/365 GeV light shade: dk; set free L s g RS ARRLECELRLELREREEES RRRER ~ REERRRERRE Tl
— Il CC 240/350/365 GeV + HL-LHC I
(oY)
: ‘
()
> i
N o o
< ‘
~
107 o) (-) O o) (o) (o) Or O Ow Ow' Oww Ows Oz Oww  On  Om  Oug" O4g® OH Op  Ow  Os
ot o) tw tB () tG Hq Hq

arXiv:1809.03520v1 [hep-ph] arXiv:2006.14631v1
See also M. Vos’s talk

e Studies restricted to EW top operators. Large number of ops.in a global
study would not permit to close the fit without adding direct Top measurements...
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Direct tests of Top interactions

® Dedicated Global EFT analysis of ete- —#f using statistical optimal observables

v Covariance matrix available for FCCee (350-365 GeV), ILC (500-1000 GeV)) and
CLIC (380-3000 GeV)

Circular Colliders

Linear Colliders
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statistically optimal observables
CC-like run scenario

200 fb~1 at /5 = 350 GeV

BN 15ab! at /5 = 365 GeV

P(et,e™) = (0%,0%)
10

statistically optimal observables
ILC-like run scenario
mm 500 fb~! at /s = 500 GeV
lab™!at /s =1TeV
P(eT,e™) = (£30%, F80%)

101

e lIdealized framework: Only stat. error.What is the effect of Top systematics?

Jorge de Blas
University of Granada
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arXiv:1807.02121v1 [hep-ph]



Direct tests of Top interactions

® Dedicated Global EFT analysis of ete- —#f using statistical optimal observables

v Covariance matrix available for FCCee (350-365 GeV), ILC (500-1000 GeV)) and
CLIC (380-3000 GeV) arXiv:1807.02121v1 [hep-ph]
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e lIdealized framework: Only stat. error.What is the effect of Top systematics?
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Direct tests of Top interactions

® High-Energy Future lepton colliders: Enough to close a global EW/
H/Top fit

® No similar global EFT studies available for the HL-LHC or 100 TeV
pp collider (Also not in LOIs submitted to Showmass2021)

v Needed for combination of HL-LHC + future lepton colliders
v Results available from current LHC data = Extrapolation!?

4 ) - SMEFIT analysis of LHC top quark data
A Monte Carlo global analysis of the = Closure Test Level 0

M Closure Test Level 1
EEm Closure Test Level 2

Standard Model Effective Field Theory:
the top quark sector

100_
Nathan P. Hartland,!»? Fabio Maltoni,>* Emanuele R. Nocera,?® Juan Rojo,"?

Emma Slade,% Eleni Vryonidou,” and Cen Zhang®

95% Confidence Level Bounds (1/TeV?)

arXiv:1901.05965v2 [hep-ph]

\- ,
1 ’ 1072 -
See also K Mimasu’s talk, based on £ SELORFFSF AT F PSS SEP 8 I8 5 S 5P NP S g
arXiv:2012.02779v2 [hep-ph] e S
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® No similar global EFT studies available for the HL-LHC or 100 TeV
pp collider (Also not in LOIs submitted to Showmass2021)

v Needed for combination of HL-LHC + future lepton colliders
v Results available from current LHC data = Extrapolation!?

4 ) - SMEFIT analysis of LHC top quark data
A Monte Carlo global analysis of the = Closure Test Level 0

M Closure Test Level 1
EEm Closure Test Level 2

Standard Model Effective Field Theory:
the top quark sector
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95% Confidence Level Bounds (1/TeV?)

arXiv:1901.05965v2 [hep-ph]
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See also K. Mimasu’s talk, based on
arXiv:2012.02779v2 [hep-ph] °

~
® GOlng beyond: InCIUdlng Top FCNC? Precise predictions for top-quark flavor-changing neutral

interactions at future lepton colliders

SNOWMASS21 -EF3_EFO-265 = Snowmass letter of intent

Gauthier Durieux, Stefano Frixione, Benjamin Fuks, Hua-Sheng
Shao, Liaoshan Shi, Marco Zaro, Cen Zhang, and Xiaoran Zhao

~

\_
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Summary

® The Top sector was only superficially explored in the 2020
European Strategy Update

e Extending the ESU 2020 SMEFT fits requires extra observables:
v Depending on flavor assumptions

v Future collider precision & energy gives access to direct (¢/+X production)
and indirect (NLO effects in non-Top obs.) probes of Top EFT operators

v Information available for future lepton colliders in the idealized framework
of statistical optimal observables
» Extend to more realistic study including systematics!?
» Flat directions with only one E (e.g. 365 GeV)

v Need at least projections at HL-LHC to study combined reach with future
lepton colliders

v FCNC?

* Don’t forget: bb observables also needed to resolve all operators

involving the 3rd family: (OD) ce35 + (OF)eess — ete~bb

(O(l))ee33a (O )ee33 :
(0(1))6633 — (0(3))6833 — etTe tt
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